ABSTRACT: Despite the historically close connection between humans and fish, the question 'What is the most famous fish species?' has never been asked. I used Google Ngram viewer to estimate the frequency of times the common names of 250 fishes appear in the corpus of digitized English books published between 1800 and 2000. I propose the 'famon' as a unit of fame, with 1 famon = 10 −6 relative % Ngram frequency. Twelve of the 250 common names are words which also have other uses in English and were thus not considered here, and 57 species had 0 famons. For the remaining 181 species, fame increased for 139 (76.8%), during or part of 1800−2000. Goldfish Carassius auratus, the most common laboratory and aquarium fish and the second fish to be domesticated, is the most famous fish, reaching 80 to 117 famons after 1930. It was introduced to Europe from China about 325 to 450 yr ago and then to North America around 1850. Goldfish have penetrated into cultural aspects of human civilization (e.g. stamps, art, music). 'Goldfish' also appears in the corpus of simplified Chinese, French, German, Italian, and Spanish books. The results show the universality and dominance of goldfish in the digitized published heritage. This likely indicates that non-consumptive cultural aspects, including aesthetic, spiritual, and recreational components, play a central role in defining the relationship of humans with fish, being equally important as provisioning, regulating, and supporting services, and thus should be valued accordingly for conservation. However, cultural services have not yet been adequately integrated within the ecosystem service framework and are generally excluded from economic evaluations, a fact raising ethical issues with respect to their relative evaluation.
INTRODUCTION
Fish play an important role in aquatic ecosystems, spanning trophic levels from 2, for purely herbivorous fish such as Siganus spp., up to 5, for predatory species such as bluefin tuna Thynnus thunnus, swordfish Xiphias gladius, and several species of sharks (Cortés 1999 , Stergiou & Karpouzi 2002 , Froese & Pauly 2015 . Humans have historically had very strong bonds with fish and fishing, with both playing an important role in ancient life and economy and thus in human wellbeing. This is very well illustrated by the fact that fish represented one of the 2 greatest passions of the ancient Athenians (Davidson 1997) . Citing McEvoy (1986) , Merchant (1997, p. 25) stated that 'Like the gold that had been discovered in California, fish were treated as gold nuggets, serving as the coin of trade.' Fish are an important, protein-rich, healthy food source (see Cunnane & Crawford 2003 for the relation between fish diet and evolution of human brain size) with unique psychotropic properties (Reis & Hibbeln 2006) . Fish are also a cultural source of inspiration for artistic/pictorial representations (e.g. wall paintings and frescos, mosaics, sculptures, coins), with the Minoan fresco the 'Little Fisher from Thera' from Santorini Island (dated back to ~3600 yr ago) being the most famous (Stergiou 2005 (Stergiou , 2011 . Such a close relationship is depicted in the writings of ancient Greeks and Romans in specialized books on 'natural history' (e.g. 'History of Animals' by Aristotle Stergiou 2011) . In their review of the cultural symbolism of fish and the psychotropic properties of their omega-3 fatty acids, Reis & Hibbeln (2006) maintained that fish have also been culturally considered as symbols of social healing and emotional well-being in religious and medical practices in different cultures, for at least 6000 yr. Fish are also among the 3 top favorite pets (together with dogs and cats) even topping the list (in terms of the number of households with fish as pets) in some countries (e.g. Italy; https:// en. wikipedia. org/ wiki/ Pet # Pet _ popularity). The strong relationship be tween humans and fish is also indicated by recent, popular books such as Kurlansky's (1998) 'Cod: a biography of the fish that changed the world' and the New York Times best seller 'Four fish' by Greenberg (2010) . The important role of fish for humans becomes clear when one considers that out of the 33 200 currently recognized fish species (Froese & Pauly 2015) about onethird are used by humans as food, in the fishmeal industry, for bait, in aquaculture, in recreational and subsistence fishing, and in the aquarium trade.
The relationship between humans and other animals, including fish, is very important because it largely determines how humans will interact with them (Kudo & Macer 1999) , and there is deep and diverse philosophical thinking on the moral status of animals with which we share our lives (Gruen 2014 , and see www. iep. utm. edu/ anim-eth/ #H4) as well as for the management of their populations (Merchant 1997) . In fact, despite the close relationship between humans and fish, the latter generally do not enjoy a level of compassion similar to that enjoyed by 'warmblooded' vertebrates (Brown 2015) . Given the close relationship between humans and fish, it is no surprise that the latter attract a lot of media attention because of the alarmingly poor status of their stocks (e.g. Pauly et al. 1998 , Vasilakopoulos et al. 2014 , their occasional extremely high market prices (e.g. bluefin tuna), when very largesized or rare fish species are accidentally caught and landed, and in the case of shark attacks. Yet, despite such a historically close connection be tween humans and fish, the question of which fish species is the most famous has never been asked or answered. The answer to this question will cast light on which factors (i.e. cultural, aesthetic, economic, recreational, subsistence) play a role and eventually define the relationship of humans with other organisms, in this case fish, and thus should be considered when evaluating different ecosystem services. This might have ethical implications given that these factors are not all considered to be of equal importance when evaluating ecosystem services.
Fame, or reputation (i.e. what is said or reported about a name), can be objectively quantified by estimating the frequency with which the name of an entity appears in various sources such as books (Michel et al. 2011) . Michel et al. (2011) constructed a corpus of digitized books, developed a computational tool (Google N gram viewer; later expanded by Lin et al. 2012) , which estimates the percentage of times a word (or a phrase) appears in the corpus of books, and investigated its usefulness in social sciences and humanities. N gram has been successfully used in many fields of knowledge, from linguistics, literature, accounting, computer and environmental sciences, to ethics and estimating university reputation rankings (Table 1) . This shows the importance of the digitized availability of the millions of books online as well as of Michel et al.'s (2011) tool for all sciences and the humanities.
Here I used N gram to investigate patterns in the use of the common names of 250 fish species in the corpus of digitized English books with the aim of identifying the most 'famous' fish in the modern, English-speaking world.
MATERIALS AND METHODS
Ngram is an online tool (http:// books. google. com/ ngrams) that produces a graph in which the y-axis shows how many times a phrase occurs in a corpus of books (making up about 6% of all books ever printed; Lin et al. 2012) relative to all remaining phrases composed of the same number of words (i.e. relative frequency) during the same time (x-axis). A detailed account of the Ngram tool is given by Michel et al. (2011) and Lin et al. (2012) , whereas an application guide is available online (http:// books. google. com/ ngrams/ info # advanced). The analysis is available for 1800−2008 but data are more consistent for 1800−2000 (Lin et al. 2012) .
I used Ngram to estimate the relative frequency of appearance of the common names of different fish species in the corpus of English books published between 1800 and 2000. Herein I define and use the famon (Gr. fími, fame, from which L. fama, fame, is derived) as a unit of fame, with 1 famon = 10 −6 relative % Ngram frequency.
Currently, 33 200 fish species are recognized (Froese & Pauly 2015 ). Since it is not possible to check the relative frequencies of all 33 200 species in the online books, I used a subset (see Tables S1 & S2 in the Supplement at www. int-res. com/ articles/ suppl/ e017 p009 _ supp. xls). Firstly, I checked the relative frequency of occurrence of the common names of the 100 most viewed species in FishBase and of the 50 most important marine game fish (Table S1 ). The latter were taken from 'Sport Fishing Magazine,' which constructed the list based on the suggestions of the 61 top anglers and skippers of the world. I further estimated the relative frequencies of the common names of all fish species with landings > 235 000 t (for 2013) and of those farmed, both from the Food and Agriculture Organization (FAO), as well as of several other well-known 'top' fish species from various sources (Table S1 ). Finally, I checked the relative frequencies of 26 species randomly selected from FishBase (i.e. the first species that has a common name for each of the 26 letters of the English alphabet; Table S1 ).
For all sources providing only common names, I used only those that corresponded to one particular scientific name in FishBase. If the common name in the source differed from that in FishBase, then I checked for both common names in N gram and used the one with the highest relative frequency. Overall, I checked 250 unique species, which cover the different uses of fish by humans (i.e. commercial fishing, fishmeal industry, aquaculture, game fishing, bait, aquarium trade). Common names were checked for other uses in the English language with the '* word' and 'word *' Ngram option.
Fame may be related to the age of an entity's name (e.g. for universities : Stergiou & Tsikliras 2014) . Thus, I also tested whether a relationship exists between the age of common names (i.e. 2015 minus the year of the first appearance of a common name in the books) and maximum fame for the 181 species which had frequencies > 0 famons. Finally, one might hypothesize that the larger a fish is (i.e. more conspicuous or charismatic), the larger its fame will be. Thus, I also tested whether a relationship exists between maximum length, L max (taken from Froese & Pauly 2015), and fame for the 181 species with fame > 0 famons.
RESULTS
Only 1 of the 250 species checked did not have a common name (Copadichromis azureus; top 100 FishBase species). Fame ranged between 0 famons (i.e. no Ngram frequencies for 1800−2000) for 57 species, to 117 famons for goldfish Carassius auratus. The common names of 7 species (flier Centrarchus macropterus, haddock Melanogrammus aeglefinus, meagre Argyrosomus regius, molly Poecilia sphenops, oscar Astronotus ocellatus, permit Trachinotus falcatus, and stur geon Acipenser sturio) are words which also have other uses in the English language (e.g. person names, locations; Table S1 ). As a result, these common names attain fame levels as high as 4900 famons, depending on the common name (Table S2) Tables S1 & S2 ) and thus their records were also not considered here. Several other common names also have other uses in English, but the frequency of these uses was very low (Table S1 ). Overall, 131 of the 238 English common names considered in the analysis have frequencies <1 famon (median 0.56). Of the 181 species having non-0 values, fame exhibited an increasing long-term trend for 139 species (76.8%), a declining trend for 8 species (4.4%), and no trend or another type of trend for 18 (9.9%) and 16 species (8.8%), respectively, between 1800 and 2000 or part of this period (Table  S2 ). For 124 of the 181 species (68.5%), fame exhibited long-term cycles. For the study period (i.e. 1800− 2000), almost 60% of the common names (108/181) appeared in the English books for the first time between 1800 and 1899 (Fig. 2) .
Goldfish dominates the fame spectrum after 1920, being the most famous fish (Fig. 3) . Its fame exhibited long-term cycles and reached levels generally higher than 80 famons between 1930 and 2000, with a maximum of 117 famons in the late 1980s (Fig. 3) . Of the remaining species, among the most dominant ones in the fame spectrum were: (1) (Fig. 4) ; (3) swordfish Xiphias gladius, with 30 to 53 famons between 1980 and 2000 (Fig. 3) ; (4) guppy Poecilia reticulata, which peaked in 1865−1900 (maximum 35 famons) and 1920−1930 (maximum 48.7 famons) (Fig. 3) ; (5) Atlantic salmon Salmon salar with 20 to 40 famons between 1980 and 2000 (Fig. 3) ; and (6) striped bass Morone saxatilis, brook trout Salvelinus fontinalis, and walleye Sander vitreus, with 25 to 33 famons between 1980 and 2000 (Fig. 4) . Four more examples are shown in Fig. 5 , which shows 2 species for which fame declined with time (turbot Psetta maxima and sterlet Acipenser ruthenus) and 2 species (bluefish Pomatomus saltatrix and John Dory Zeus faber), for which fame displayed no trend. Turbot, in particular, had Maximum fame in English books was significantly related to the age of the English common names for the 181 common names that had frequencies > 0 (Fig. 6) . In contrast, no relationship was found between L max and maximum fame (log scale; r = 0.143, n = 181, p = 0.055).
DISCUSSION
In the present study, Ngram was successfully used for identifying the most famous fish in the Englishspeaking world. Undoubtedly, apart from books there are several other sources (e.g. newspapers, magazines, media, news archives: Leetaru 2011 , Michel et al. 2011 ; blogs and social networks: Dodds et al. 2011 , Altmann et al. 2011 , Ratkiewicz et al. 2011 Facebook: Schwartz et al. 2013 ; Scopus, Web of Science, Google Scholar: for determining the most famous fish in the scientific literature, including journals and conference proceedings) that are also important and useful for studying various scientific and cultural aspects, including fame of entities, and which were not considered here.
The results of the Ngram analysis showed that the goldfish is the most famous fish in the English speaking world based on the number of famons. Goldfish is a freshwater species of the family Cyprinidae, which is characterized by a wide phenotypic variability and a global distribution (Froese & Pauly 2015) . It has been a model fish for laboratory experiments (Balon 2004) and is among the most popular aquarium fish species. It was the second fish species to be domesticated after common carp Cyprinus carpio (Balon 2004) . It is noteworthy here that despite the fact that Darwin had an apparently small interest in fishes (i.e. only 0.7% of the total words written by Darwin refer to fishes) he wrote extensively on goldfish; in fact, this is the only fish that was given a section heading (Pauly 2008) in one of his books (Darwin 1868, p. 296− 297) , in which its domestication and variability in color and size are discussed. Goldfish form a monophyletic lineage, with all varieties being derived from one domestication event (Rylková et al. 2010) in China more than 1000 yr ago (i.e. at least since the Song dynasty, 960−1279; Darwin 1868, Smartt 2001), although semi-domestication took place earlier (Smartt 2001) . Goldfish appeared in Beijing in 1330, and by 1506− 1521 occurred in large numbers outside the Forbidden City; by the late 1540s, keeping goldfish in houses was a popular hobby throughout China (Balon Fame in famons (log) 1.85 Age in years (log) Fig. 6 . Relationship (r 2 = 0.51, n = 181, p < 0.05) between maximum fame (log) and age of a common name (2015 minus year of first appearance in the books; log) for 181 fish species 2004). By the early 1500s this species was introduced to Japan (Balon 2004) , and it was first introduced to Europe in 1611 or 1691 (Mulertt 1883, p. 7) or as early as the 1550s (Darwin 1868) , most probably in Portugal from where it spread to Great Britain (in 1691) and other European countries (Mulertt 1883, p. 7) . It had become a very popular pet by the 1700s (Brunner 2003) and was so popular in Europe that it was considered as a symbol of good luck and fortune and was offered by husbands to their wives on their first wedding anniversary (Mulertt 1883 , Brunner 2003 . Although Smartt (2001) mentioned that the earliest record of the introduction of goldfish from Europe to the US dates back to 1874, it was probably introduced earlier, sometime in the 1850s, given that by 1865 it was sold in a New York pet shop and the first hatchery started in Ohio in 1882 (Brunner 2003) . Thereafter, it became popular throughout the US (Brunner 2003) , a fact that is also reflected in its relative frequency in the English books, which increased exponentially since 1850 (Fig. 3) . Undoubtedly, one expects a famous entity to be the subject of different aspects of human culture. Indeed, goldfish are the protagonists in several movies (e.g. Given that fame is relative, one question that arises is how famous goldfish are when compared to other domesticated animals or even humans. For instance, horses and dogs were the only domesticated animals appearing in the top 10 most favorite animals voted in 2004 by more than 50 000 viewers (from 73 countries) of the Animal Planet cable and satellite channel (http:// news. bbc. co. uk/ cbbcnews/ hi/ newsid _ 4070000/ newsid _ 4073100/ 4073151. stm). The fame of goldfish (maximum 117) is more than 40 times smaller than that of horses (i.e. the word 'horse' displays frequencies that decline from 9000−11 000 famons in 1800− 1900 to 4000−5000 in 1960−2000) and dogs (the frequency of the word 'dog' increases from 2300 famons in 1800 to over 4000 famons in 2000). This agrees with the fact that when exploring the relationship of Japanese people with animals, Kudo & Macer (1999) found that this relationship depends on how familiar they are with a particular species and its perceived function and role. The Japanese were overall more familiar with dogs and cats than with fish (which were mentioned by 3% of the people interviewed). Both horses and dogs were domesticated many thousands of years before goldfish and played a vital role in human well-being (Balon 2004) , with horses having a direct and indirect impact on the US economy of more than $100 billion (The American Horse Council 2005). Yet, the fame of goldfish is slightly higher than that of Albert Einstein and Alexander the Great (74−95 and 91−107 famons, respectively, between 1980 and 2000), but lower than those of, e.g. Aristotle and Plato (for both of which frequencies fluctuate around 1500 famons between 1800 and 2000).
The analysis presented here suffers from certain biases with respect to the frequency estimations. Firstly, several species might have more than one common name, a fact affecting their Ngram frequencies. In the present study, the common names in the sources from which the 250 species were extracted matched the FishBase English common names, with the exception of 23 species (Table S1 in the Supplement). For 3 out of the 23 species, either the FishBase or the source common name has other uses in English and thus the corresponding frequencies were not used. For Salmo trutta, the common name in one source is 'brown trout' whereas in FishBase, it is 'sea trout.' Because both common names appear with 14 1 Celebrity quotes are available at www. brainyquote. com/ quotes/ keywords/ goldfish. html. Examples listed here include Henri Matisse: 'I wouldn't mind turning into a vermilion goldfish.' Stephen Hawking: 'A few years ago, the city council of Monza, Italy, barred pet owners from keeping goldfish in curved bowls... saying that it is cruel to keep a fish in a bowl with curved sides because, gazing out, the fish would have a distorted view of reality. But how do we know we have the true, undistorted picture of reality?' Princess Margaret: 'I have as much privacy as a goldfish in a bowl.' Paul Rudd: 'I think there's something great and generic about goldfish. They're everybody's first pet.' Ashwin Sanghi: 'The average human attention span was 12 seconds in 2000 and 8 seconds in 2013. A drop of 33%. The scary part is that the attention span of a goldfish was 9 seconds, almost 13% more than us humans. That's why it's getting tougher by the day to get people to turn the page. Maybe we writers ought to try writing for goldfish!' similar, high frequencies, this was the only case in which their frequencies were summed. For the remaining 19 species, the differences in the maximum frequencies between the FishBase and source common names were very small. In 5 cases, both common names had 0 famons, in 9 cases the difference between the frequencies of the 2 common names was <1 famon (with all maxima being also <1 famon), and in 5 cases the difference was between 1.59 and 6.66 famons (with all maxima being < 6.8 famons). Thus, this bias does not affect the results with respect to the dominance of goldfish. Secondly, for species having a common name that is a word which also has other uses in the English language (e.g. person names, locations, adjectives, other animal species), sophisticated disambiguation algorithms must probably be used on the downloaded N gram dataset (see Acerbi et al. 2013 ) in order to identify the correct frequency of this common name within a conceptual context related to fish. In any case, this bias leads to smaller frequencies for the implicated species and thus does not affect the fame status of goldfish. The above mentioned 2 biases also show the importance of coining a unique common name corresponding to only one organism (e.g. oscar or flier vs. bluefish, goldfish). Thirdly, common names of fish could change over time and this might affect the estimates of relative frequencies. This effect was not examined here. However, the facts that about 60% of the common names appeared in the English books for the first time between 1800 and 1899 (without excluding the possibility that they had appeared much earlier in English books or books in other languages), and that the frequencies of about 77% of the common names exhibited long-term increasing trends during the study period both indicate that the effect of such a bias would be minimal. Finally, the potential effect of the relative availability of books was also not examined here.
The present analysis refers to the corpus of English books (and English common names). The corpus of digitized books includes books in many other languages (i.e. Spanish, French, German, Italian, Hebrew, Russian, simplified Chinese), and the results of a similar analysis could be different in these (and other) languages, especially so for languages that were more important than English until recently. It is worth mentioning here, however, that 'goldfish' is not only used as a common name in English-speaking countries but also in several other countries (e.g. Mexico, Russia, Uzbekistan, Austria; Froese & Pauly 2015) . In fact, the word 'goldfish' appears in the corpus of books in other languages with relative frequencies ranging from 3.1 to 67 famons and years of first appearance ranging from 1800 to 1929 depending on the language (i.e. simplified Chinese: first appearance in 1929, maximum 67 famons; French: first appearance in 1800, maximum 7.4 famons; German: first appearance in 1840, maximum 11. 7 famons; Italian: first appearance in 1886, maximum 3.8 famons; Spanish: first appearance in 1876, maximum 3.1 famons). This shows the universality and dominance of goldfish among fishes in the digitized published heritage.
I found that the older a common name is, the greater the fame of that species, irrespective of body size. This indicates that fame is not related to the apparent conspicuousness of a species (e.g. a big fish) but rather to its historical relation to humans. Fish are generally characterized by continually increasing fame, which must be attributed to the fact that fish are there forever and their fame is accumulated through experiences that are shared from generation to generation. The same is also true of university reputations (Stergiou & Tsikliras 2014) . This fame accumulation certainly reflects the continually growing importance of fish to the well-being of humans and agrees with the new common names appearing in the books over time. Linguistically, trends in relative frequencies are also related to the birth and death of words (see Petersen et al. 2012) , in this case of common names. Finally, the frequencies of the majority of the fish species examined here are characterized by long-term cycles, which might reflect various events. However, this is outside the scope of this work (but see Gao et al. 2012 , for analyzing longrange correlations in Ngram frequencies).
The results of the present study give rise to cultural and conservation implications as well as ethical considerations. The fact that the goldfish is the most famous fish indicates that non-consumptive cultural aspects, including aesthetic, spiritual, educational, and recreational components, play a central role in defining the relationship of humans with other organisms, in this case fish. This agrees with the findings of Kudo & Macer (1999) , who reported that people interviewed on why they like animals ranked the aesthetic/spiritual aspects (i.e. their cuteness or their behavior) very high. It is logical to assume that this also applies to the ecosystems in which these organisms are embedded. Ecosystems provide various services, which generate benefits contributing to human well-being (MEA 2005) . Ecosystem services have become important for planning, conservation, decision making, and management, and research on cultural services is growing as a multidisciplinary research field (Chan et al. 2012a ,b, Hernández-Mor-cillo et al. 2013 , Milcu et al. 2013 , Satz et al. 2013 ). The present study shows that ecosystem cultural services and benefits, which are closely associated with the remaining services (Chan et al. 2012a,b) , are as important as the provisioning (e.g. food, fresh water), regulating (e.g. climate regulation), and supporting services (e.g. nutrient cycling) (see also Holmlund & Hammer 1999 for services generated by fish). Yet, despite their importance, cultural services have not yet been adequately integrated within the ecosystem service framework and, with the exception of tourism (Hernández-Morcillo et al. 2013) , they are excluded from economic evaluations because there is no commonly accepted framework for doing so, and/or because nonmaterial values cannot be characterized using monetary methods (Chan et al. 2012a ,b, Daniel et al. 2012 , Hernández-Morcillo et al. 2013 , Milcu et al. 2013 , Satz et al. 2013 ). This raises ethical issues related to the recent attempts for ecosystem planning and management based on or using ecosystem services (see also Jax et al. 2013 ). In fact, there is an 'ethical' need to assess cultural services (Hernández-Morcillo et al. 2013) and to integrate them with other services (Satz et al. 2013) . Careful considerations and valuations of cultural services in conservation and management plans will have important synergies with the preservation of the remaining services (Daniel et al. 2012) . To that end, new methods, derived from social science (Chan et al. 2012a) , and new conceptual approaches should be developed (Milcu et al. 2013) , with Ngram being one potential approach. In addition, more effort should be devoted to involving relevant stakeholders through the various phases of decision making (Hernández-Morcillo et al. 2013) .
